Abstract-The radiant light energy from the sun is converted into useful electricity using photovoltaic technology. Harnessing solar energy is simple and easy operation with the installation of PV modules in various configurations (open rack, roof mount, tracking, building integrated, building applied, floating). Among these configurations, BIPV is the most trending and ecologically efficient installation methods. This paper presents a study on the building integrated photovoltaic systems with the electric power system classification. This classification includes on-grid, off-grid, and hybrid BIPV power plants. The studied three classifications were compared in terms of the operation, components, installation configuration etc. General recommendations and various policy options for BIPV are also discussed. This study shows, BIPV power systems discussed in three combinations would contribute to the energy needs of the developed/developing nations by adding pleasing look to the buildings without having negative impacts on the ecology.
I. INTRODUCTION
Energy is one of the undeniable aspect of the life, without which the basic elements such as food, water etc. needed for survival on the earth would not been existed. Along with energy, environment also plays vital role for the well-being of life on this planet [1] . Hence, a long term and secure life with quality environment is needed. Presently, most of the global energy is coming from the fossil fuels only, on other side policies and technologies related to alternative sources for energy conversion is happening [2] . This helps in understanding the concepts over the sustainability and their need for keeping the environment free from various hazards activities [3] . This gave a scope for the use of renewable energy sources that include solar, wind, biomass, fuel cells, tidal waves, MHD power, and geothermal etc. [4] [5] [6] . Off all the alternative or renewable energy sources, only solar energy has become much popular across the globe [7] . Abundant availability, clean energy, inexhaustible, easy operation, simple installation etc. are key points behind the popularity of solar energy [8] . But the challenge lies in collecting the abundant available solar energy in efficient way with reduced cost. Photovoltaic technology is one of the most promising one for harnessing solar energy effectively and efficiently, but the progress in development of solar technology is still needed. This technology converts the light energy from the sun to electricity directly without the help of complex equipment that we see in thermal power or hydro power plants. In recent years, the advancement in harnessing solar energy has become more advanced and various installation methods along with configuration arise [7, 9] . Among these building integrated is one of the most and advanced aspect which highlights the energy efficiency, infrastructure efficiency, and environmental efficiency [10] .
Purpose of this study is to get an overview of the most recent and emerging technology in the solar category i.e. "building integrated photovoltaic". In short form it is referred as BIPV, and it has seen wider application in green infrastructure especially used for electricity generation. Furthermore, it is very important to know about the classification of the BIPV electric power system depending on the power load conditions and storage facility etc. This study will help in understanding, differentiate, and design of the BIPV electric power system.
II. BUILDING INTEGRATED PHOTOVOLTAIC SYSTEM (BIPV)
AND ITS POWER PLANT CLASSIFICATION Building integrated photovoltaics (BIPV) are the photovoltaic materials used to replace the traditional building materials in the building parts like roof, façade, windows etc. or wherever it is convenient to use [11] . This allows the BIPV to become one of the integrated functional part of the building that is designed architecturally to obtain efficient energy yields. BIPV serves as both the fabric as well as the power generating unit at the same time. This sought of PV systems have major advantages when compared to traditional way of solar PV installations. These advantages include: no land usage for solar power plant, reducing the building construction material, onsite electricity potential, no extra supporting rails for PV installation etc. All the above said advantages were responsible for the growth in the development of BIPV products, materials and usage of BIPV for power generation [12, 13] . The schematic view of BIPV is illustrated in Fig. 1 . BIPV power plants are classified based on the installation method of the electric power system and load usage condition. Typically, BIPV power plants are classified into three types and these are shown in Fig. 2 .
A. On-Grid BIPV Power Plant
On-grid BIPV is otherwise referred to be grid connected BIPV. Here the BIPV system is typically connected to the utility or electric power grid with a net metering facility to allow the inflow and outflow of electrical energy. On-grid BIPV consists of BIPV array installed into the building, DC-DC converter, DC-AC inverter, transformer, net meter, electric grid [14] .
The schematic view shown in Fig. 3 illustrates the working and installation configuration of on-grid BIPV. 
B. Off-Grid BIPV Power Plant
Off-grid BIPV is otherwise referred to be standalone BIPV. Here the BIPV system is typically connected to the electrical load present at the site of the power plant. Off-grid BIPV consists of BIPV array installed into the building, DC-DC converter, DC-AC inverter, battery for energy storage. Off-grid BIPV can be installed in two possible ways one is with storage or without storage. Fig. 4 illustrates the working and installation configuration of off-grid BIPV.
C. Hybrid BIPV Power Plants
Hybrid BIPV power plant means the combination of BIPV with other energy sources (wind, biomass, fuel cells, geothermal, solar thermal etc.). In the case of hybrid power plants, two or more energy source-based power plants are combined to operate and deliver the energy. Storage is also possible in the case of hybrid systems. In hybrid both on-grid and off-grid are also possible. Schematic view of the hybrid BIPV is shown in Fig. 5 . 
III. COMPARISON OF ON-GRID/OFF-GRID/HYBRID BIPV SYSTEM
Building integrated photovoltaic electric power plant comparison is made and presentation in the Table I . Major difference be per connected load to the BIPV system, if the connected load is standalone then it is said to be off-grid, if it utility then grid connected, and both the cases are possible in hybrid combination. In hybrid BIPV system two or more energy sources are possible.
IV. POLICY RECOMMENDATIONS
In this section, policy and subsidy recommendations were made for BIPV system [15, 16] .
A. General Recommendations
• Allocating the funds for the development of BIPV in urban buildings especially for commercial and high storage buildings. • Fund allotment scheme can be help full in promoting the smart and self-energy reliant energy building in the developing countries who seek for modern urban infrastructure.
• Providing incentives for the builders and building owners, this allows the wide acceptance of BIPV.
• In similar way providing capital subsidies depending on the application point of view i.e. on-grid, off-grid, and hybrid.
• Conducting various socio-welfare schemes and promotional activities related to BIPV and their role in the modern urban infrastructure.
• Promoting academic and industrial research towards the development of efficient and highly reliable BIPV products.
• Creating skilled man power on the BIPV product design and building architecture design.
• Bringing into the existence of economic and tariff policies especially for the BIPV would help in promoting.
B. Specific Policy Recommendations
• Special policy for BIPV feed-in tariffs based on the capacity variations.
• Policy on promotion of net zero energy buildings.
• Policy on offering 30-40% subsidies as well as loan facilities for the development of BIPV off-grid, ongrid, and hybrid power plants.
• A frame work or policy on the possible options and suitable financial assistance for renovating existed urban buildings into power stations with the help of BIPV.
• A frame work on utilization of bus shelters roof areas for the power generations that could meet the passenger energy needs in charging their gadgets.
• Special industrial policy for manufacturing BIPV products.
• Special subsidies for the industrial sectors in developing commercial and utility scale building integrated photovoltaics.
• A policy on energy savings credits for the energy saved during day time.
• A policy on the incorporation of BIPV with in the green building concept.
V. CONCLUSION
This paper summarizes the three-main classification of the BIPV electric power systems. Mainly, a study on the on-grid BIPV, off-grid BIPV, and possible hybrid combinations were discussed highlighting pros and cons. Various possible ways for promoting BIPV were recommended.
Few specific policy recommendations were framed in this study for the development of BIPV power plants. The proposed specific recommendations made in this paper would help the policy makers to frame new strategies for the promotion of BIPV utility scale power systems for meeting the energy requirements.
